can affect intrathecal chemotherapy, 3, 4 and the administration of other novel intrathecal medications, such as antisense oligonucleotides for treating neurological disorders. 2, 5 Drug dosages are mostly determined by weight in children.
However, it is uncertain whether weight-based dose scaling is the best method for intrathecal medications in children; CSF volumebased dose scaling may be more appropriate for intrathecal medi- The aim of this study was to estimate the LS-CSF volume and TLS-CSF volume using MRI techniques in pediatric patients ranging from neonates and infants to adolescents.
| MATERIALS AND METHODS

| Ethics and patients
After obtaining approval from the Seoul National University Hospital ; neonates and infants (<1 year), toddlers and preschoolers (1 year ≤ age <6 years), schoolers (6 years ≤ age <12 years), and adolescents (12 years ≤ age <18 years).
| Measurement of magnetic resonance images and calculation of cerebrospinal fluid volume
The TLS-CSF volume was calculated from whole spine MRI data and the LS-CSF volume was calculated from both whole spine MRI and LS-spine MRI data. Using T1-and T2-weighted transverse images of the spine, the dural sac area and the spinal cord area If the difference in the measured values was more than 5%, the accuracy of the measurement was verified by another independent observer.
| Outcomes and statistical analysis
Descriptive statistics were used to analyze demographic data and MRI measurements. Data normality was tested with the Kolmogorov-Smirnov test. Continuous variables are presented as mean
Simple linear regression analysis was performed to determine the association between the LS-CSF and TLS-CSF volumes and age, height, and weight. Multiple regression analysis was performed to determine the LS-CSF and TLS-CSF volume using variables if their Pvalue was <0.05 in the simple linear regression analysis. Adjusted rsquared values were used to compare the explanatory power of the models. The differences in adjusted r-squared values were compared using 95% CIs. An a priori sample size calculation was not conducted, and the sample size was based on the available data. A twosided P < 0.05 was considered to indicate statistical significance.
Statistical analyses were performed using SPSS software (version 23;
IBM SPSS Inc., Armonk, NY).
| RESULTS
The LS-CSF volume of 418 patients (170 patients with LS-spine MRI data and 248 patients with whole spine MRI data) and the TLS-CSF volume of 248 patients were measured after excluding 82 patients with congenital anomalies or pathologies involving the spine and spinal cord (n = 52), histories of spinal surgery (n = 2), and those with poor quality MR images (n = 24). 
| DISCUSSION
This study has extended previous work on CSF analyses in neonates 10 and children younger than 3 years of age 11 to also include older children. Therefore, it is the first study that describes the developmental change in CSF volumes and their relationships with age, height, and weight across broad pediatric age groups, from neonates and infants to adolescents. Additionally, we calculated both LS-CSF volume and TLS-CSF volume in pediatric patients for the first time. As LS-CSF volume is one of the most important factors during spinal anesthesia 13 and TLS-CSF volume can be used to assess the pharmacokinetics of intrathecal medications, 2-5 the results from this study will be helpful in understanding these issues of pediatric intrathecal medications.
According to data published in textbooks, 14, 15 total CSF volume varies considerably depending on the patient's age: more than 10-12 mL/kg in preterm, 14-16 mL/kg in neonates, 4 mL/kg in infants weighing 15 kg or less, 3 mL/kg in children, and 1.5-2.0 mL/kg in adolescents and adults. In textbooks on anesthesia, spinal CSF volume is described as 50% of the total CSF volume in neonates and 25% in adults. 14 patients. However, other factors such as the fluid dynamics of CSF, lipid solubility and baricity, and the drugs themselves must be considered to understand the pharmacokinetics and pharmacodynamic characteristics of intrathecal medication. 22 There are several limitations to the present study. First, the CSF volumes were calculated by measuring the areas of spinal cord and dural sac and the heights of MR images. Although this method was used in previous studies, 10, 11 calculated CSF volumes may be different from actual CSF volumes because of this indirect measurement.
However, we measured the spinal cord and dural sac areas using multiple vertices in both T1 and T2 images to improve accuracy compared to a previous study. 10 Second, this is purely an observational report in which the findings may not necessarily translate into clinical care (ie, dosing of local anesthetics for intrathecal blocks in pediatric patients). Third, all participants were Korean. Therefore, further investigation is needed in other races or ethnicities. Lastly, an a priori sample size calculation was not conducted. In addition, compared with the other age groups, the total number of neonatal (n = 10), infant (n = 63), and adolescent (n = 60) patients was small.
Further studies are needed to obtain more comprehensive data on CSF volumes in adolescents and adults.
| CONCLUSIONS
This study presented spinal CSF volume estimations in the pediatric population using MRI data. The calculated LS-CSF volumes and TLS-CSF volumes in pediatric patients were much smaller than previously presented values. The LS-CSF volume and TLS-CSF volume showed linear correlations with height and curvilinear correlations with age and weight in neonates, infants, children, and adolescents.
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